Wear is a characteristic of the engine system and a wide variety of conditions causes wear and damage of engine parts. In the current work, wear of the engine components are classified on the basis of fretting and adhesive phenomenon. In this regard, we formalized the knowledge of wear of inlet valve and liner quantitatively on the basis of operational and design aspects. Since there are many design and operational variables, the most important variables are selected and tuned by adding new features to the empirical models. Therefore, in the present work case studies on critical engine parts like inlet valve and liner are made to improve the wear behavior of the special components.
INTRODUCTION
Valve wear can be caused by design factors namely, high seating velocity, low hardness of material and most importantly by fretting due to valve deflection under high cylinder pressure [1, 2, 3] .
Stephen et al [4] developed an empirical equation to predict the variation of oil consumption with the surface texture. Similarly, Hegemier et al [5] studied the effect of liner finish on engine oil consumption, and different modes of liner wear.
In the current research, valve wear is correlated with relative displacement times the seating pressure. Similarly, for liner wear analysis the roughness peaks are approximated to small hemispheres. The phenomenological wear model of Kragelskii [6] for surfaces with normally peaked roughness is discussed. For surfaces without peaked roughness, an equivalent maximum roughness is derived from the statistical roughness parameters. The calculations are validated using the experimental results of Stephen [4] , Hegemier [5] and normally honed liners.
VALVE WEAR MODEL
Finite Element Analysis -FEM analysis is carried out to study the relative displacement between valve and seat insert. The valve and seat in the head are modeled axisymmetrically, neglecting the non-symmetric form of the real case due to errors in machining and assembly. Wear rate -In the case of valves, the wear per unit surface area, W = k τ n Z
Where, k is the wear co-efficient, d is the diameter of valve head, nZ is the total displacement and τ is shear stress
We can interpret equation 1 as an energy balance equation, where the work done by the shear is transformed to the surface energy of metal debris. The wear rate, W/t, represents the increase in mean surface area due to formation of debris.
CASE STUDY ON VALVE WEAR
A six-cylinder, 8.8-liter capacity engine was uprated by 25% where the peak cylinder pressure increased from 115-bar to 150-bar. An abusive endurance test at 10% overload condition for more than 500-hours was conducted to predict the typical wear of various parts like valves, seats and bearings that would take place in 3500-hours at average continuous duty of 70% of full load. Valve and seat insert of old design: In only 110-hours the combined wear of valve seats in the head and the valve of the old design was as high as 0.35-mm on the average in the uprated engine. The immediate result is the loss of valve lash and hence the loss of gas tightness. The wear is measured using a contouroscope and scanning electron micrographs. The scanning electron micrograph, figure 1(a) showed ridges on the seat surface. A finite element model of the old design valve showed that the valve head deflection at the centre was 19 microns under a gas pressure of 150-bar and the corresponding relative displacement at the outer seat was 4.6 microns. Newly designed valve and seat insert: Increasing the thickness of the valve head by 2-mm increased the basic stiffness against elastic cupping by about three times. The finite element model showed that the deflection at the centre is reduced to 6.9 microns and the relative movement at the outer seat is dropped to 1.3 microns.
In the new design there is very little wear after 110-hours. This is because the reduced initial wear rate maintains the integrity of the original surface due to reduction in both the shear stress and the relative movement. The measured valve recession indicative of wear has remained steady for 550 hours at continuous overload operation, figure 2. The scanning electron micrograph, figure 1(b) confirmed the reduced wear by the lack of surface shear and ridge formation. Where, H is approach; r is asperity radius; p a and p r are apparent and real pressures; K 1 is a factor determined by geometric shape ≈ 0.2; k tv is a fatigue correction factor Thus, wear of two bearing surfaces is calculated as, W i.e.,
IL W = (4)

Plateau honed and other liners not normally honed Equivalent R p , R p-eq
In the case of normal peaked roughness, the parameter R p is the deviation of the surface peaks from the mean line of roughness texture. However, for other surfaces either not normally honed or plateau-honed, an equivalent R p exists. The exact value of R p-eq or equivalent R p depends on the plateauness of the surface, i.e., the ratio of R k /R vk . In the current research, a generalised relation is made from the ratio of R p-eq to R z /2, as shown in figure 3 . 
CASE STUDY ON LINER WEAR
Ten different types of liners reported in references [4, 5] and three normally honed liners tested in the authors' laboratory are used for validating the model. The latter engine was naturally aspirated. In the study, roughness parameters like MR1, R a , R pk , R vk and R k are recorded before and at the end of the endurance experiments.
The calculated and measured wear of different liner surfaces in 200 hours are shown in figure 4 , a satisfactory correlation is observed between the calculated and measured wear, which indicates the successful prediction of wear of liner surfaces using the extended Kragelskii wear model. 
DISCUSSION
Valve wear is a function of the pressure on the seating area and the relative movement of the valve and head due to finite elasticity. After the valve has seated, the normal force causes a frictional force between the surfaces to induce surface shear. The shear work is converted to surface energy when the debris is created by wear. The improvement in actual wear is many times more than the reduction in relative movement.
Liner wear is found at the top-ring reversal zone due to loss of hydrodynamic lubrication. The model implicitly assumes that the grade or quality of oil has less influence on the wear rate. It is dependent on the type of the liner surface and the cylinder pressure, which applies the load on the liner through the piston ring. The harder the material, the longer is the fatigue life. Higher engine pressures cause increased loading of the roughness peaks and hence wear due to fatigue of the roughness peaks. The study on different liner surfaces ranked surface roughness by ability to reduce the wear as follows (1= worst, 5=best)
1. Rough non-plateaued 2. Rough plateaued 3.High peaked & normally honed 4.Low peaked 5. High plateau surface
CONCLUSIONS
Valve wear
Detailed studies by finite element and static methods were made to increase the stiffness of the valve head against elastic cupping and consequent wear. A valve deflection at the centre of 5 microns for a 60-mm diameter valve is a reasonable starting point for the design of a low wear valve. If the product, p'Z <100x10 -6 MJm -2 cycle -1 then the valve wear is kept to a safe level for satisfactory wear.
Liner wear
The wear life of a liner in the diesel engine is characterised by the loss of material at the top-ring reversal zone. The model shows that all types of liner surfaces have a finite wear life. A surface with hardness above 35~40-kgf/mm 2 , and high-plateaued indicated by a R a value of about 0.7~0.8-micron with a plateauness ratio of 70% offers the best compromise for a long wear life and oil consumption.
